ABSTRACT: Two trials were conducted to evaluate the effects of corn or dried beet pulp on intake and digestibility of forage by lambs and on IVDMD. In Trial 1, 16 lambs (average BW = 41 f .9 kg) were used in a randomized complete block design with eight lambs per block. Lambs were fed a crested wheatgrass hay (7.5% CP) and received either no supplement (NS), a protein supplement ( P S ) , or protein supplements with various levels of corn or beet pulp. Corn supplements supplied 1.75 (PCL), 3.5 (PMC), and 5.25 (PHC) g of cornkg of BW, whereas beet pulp supplements supplied 2.1 (PLBP), 4.2 (PMBP), and 6.3 (PHBP) g of beet pulpkg of BW. All supplemented lambs received .128 g of CP/kg of BW. Hay DMI decreased linearly ( P < .03) as the level of corn and beet pulp increased in the supplement. Total DMI decreased linearly ( P = .013) as the level of corn increased; however, beet pulp did not affect total DMI ( P > .71). Supplemental corn increased ( P = .03) apparent diet DM digestibility (DMD), whereas supplemental beet pulp did not affect ( P > .32) diet DMD. Lambs whose diet was supplemented with beet pulp had greater ( P = .010) estimated hay DMD than lambs whose diet was supplemented with corn. In Trial 2, 48-h IVDMD was determined on each of three forages mixed with either corn or beet pulp. The crude protein content of the three forages was 4.9, 9.4, and 12.2% for low-, medium-, and high-quality forages, respectively. Both beet pulp and corn had a quadratic effect ( P e .042) on IVDMD of low-quality forage. Corn had a quadratic effect ( P = .002) on mediumquality forage, whereas beet pulp linearly increased ( P < .001) IVDMD of medium-quality forage. Beet pulp also had a linear effect ( P < .001) on high-quality forage, whereas corn had a cubic effect ( P = .06). In summary, hay intake was decreased by both types of supplements, but only corn decreased total intake. When corn or beet pulp replaced low-quality forage, IVDMD increased quadratically. With medium-and high-quality forages, replacing forage with beet pulp increased IVDMD linearly, whereas replacing forage with corn had quadratic and cubic effects on IVDMD.
Introduction
Supplementing high levels of corn to cattle consuming low-quality forage has either decreased or had no effect on animal performance, but it decreased forage intake and fiber digestibility (Chase and Hibberd, 1987; Sanson and Clanton, 1989; Sanson et al., 1990) . Hypotheses for this decrease in consumption include decreased ruminal pH, a substitution effect, competition for essential nutrients among cellulolytic and non-cellulolytic bacteria, and the possible use of alternative energy sources by cellulolytic bacteria (Horn and McCollum, 1987) .
Supplementation of forages with high-quality, fibrous feeds has improved forage utilization. Horn et al. ( 199 1) reported increased gains by growing cattle on wheat pasture when a soybean hull/wheat middling-based supplement was fed compared with a corn supplement. Kercher et al. (1992) reported that BW change by gestating cows and sheep fed alfalfa and wet beet pulp was similar to BW change by those fed alfalfa plus corn or barley. Chan et al. (1991) reported that cows consuming a low-quality grass hay had similar energy intakes when supplemented with equal amounts of DM from either soybean hulls or corn, although corn had a much greater TDN value. Our research was designed to determine the effect of corn or beet pulp on utilization of a 7.5% CP hay by sheep, and the effect of these two types of supplements on IVDMD of three different qualities of meadow hay. -----aPS = protein supplement; PLC = protein-low corn supplement; PMC = protein-medium corn supplement; PHC = protein-high corn supplement; PLBP = protein-low beet pulp supplement; PMBP = proteinmedium beet pulp supplement; PHBP = protein-high beet pulp supplement.
bDM basis. CCalculated from tabular values (NRC, 1984) . dProtein values are based on chemical analysis
Experimental Procedures
Trial 1 Sixteen Rambouillet wether lambs (average BW = 41 f .9 kg) were used in a randomized complete block design to determine intake and digestibility of grass hay when supplements were fed that contained various amounts of corn or dried beet pulp but were equal in total protein supply. Lambs were blocked by BW and randomized to one of eight treatments. Three periods were conducted, resulting in six observations for each treatment. At the end of each period, lambs were randomized to new treatments within their respective block, with the limitation that no lamb could receive the same treatment twice. Six supplements (Table 1) were formulated and fed to supply 1.28 g of C P k g of BW daily, with different amounts of additional TDN from either corn or beet pulp. A seventh supplement supplied protein ( PSI from soybean and corn gluten meals. Each supplement supplied .66 g of CP from soybean mealkg of BW. Protein supplied by additional corn or beet pulp was equalized using corn gluten meal, with the assumption that escape protein content of corn gluten meal was similar to that of beet pulp and corn. Supplemental TDN in grams of TDNkilogram of BW was 1.9 for PS, 3.2 for protein-low corn (PLC) and protein-low beet pulp ( P L B P ) , 4.5 for protein-medium corn ( PMC) and protein-medium beet pulp ( PMBP) , and 5.9 for protein-high corn (PHC) and protein-high beet pulp (PHBP). Forage was predominately a mature crested wheatgrass hay ( Table 2 ) that was chopped with a grinder-mixer to pass a 5-cm screen before feeding.
Lambs were housed in metabolism crates with expanded metal floors in an environmentally controlled room. Water and iodized salt were available free-choice. After orts from the previous day's feeding were removed and weighed, supplements were fed daily at 0700. Supplements were consumed within 20 min, after which hay was offered at 125% of the previous day's consumption. Ten days were allowed for diet adjustment in each of the three 20-d periods. Intake for the following 5 d was used in the statistical analysis of intake, and total fecal collections were conducted from d 16 through 20. Intake for d 15 through 19 was used in calculations for digestion coefficients. At the end of each collection, lambs were removed from crates, weighed, and assigned to new treatments; supplement feeding levels for the subsequent trial were calculated from this BW measurement.
Lambs were fitted with cloth fecal bags at 1800 on d 15. Bags were emptied at 0630 on d 16 and at 12-h intervals through d 20. Feces collected from 0630 on d 16 were discarded. Feces from bags emptied at night were collected into pails and stored at room temperature until the next morning. The subsequent morning collection was added to the pail, and daily fecal output was measured. A 10% subsample was collected each morning, composited by lamb over the 5-d period, and stored at 2°C until the end of each collection period. Hay, orts, and supplements were sampled daily from d 15 through 19 and composited. Ort samples for each lamb were combined across days within each lamb. A subsample of each composite fecal sample was dried at 55°C for 60 h in a forced-air oven. Supplement, hay, and ort samples were dried in a forced-air oven at 55°C for 24 h; a sample of each was dried at 100°C with forced air for 60 h to determine DM content. Samples dried at 55°C were allowed to equilibrate at room temperature for 24 h, ground to pass a 1-mm screen in a Wiley mill, and stored in airtight containers until analysis.
Trial 2
In vitro DM disappearance procedures were used to determine the effect of various levels of corn or beet pulp with three forages of different quality. The percentage of forage varied from 0 to 100% at 10% increments, with the remainder of the .5-g sample from either corn or beet pulp. This procedure resulted in a 2 (supplement) x 3 (forage) x 11 (level of forage) factorial arrangement. Each respective forage and concentrate level was weighed within f .0003 g. Forage was harvested from a subirrigated native meadow at three stages of maturity (Table 3 ) .
Predominant species were redtop bend grass ( Agrostis stolonifera), foxtail barley ( Hordeum jubatum) , and garrison creeping foxtail ( Alopecurus arundinaceus) .
Forage was dried in a forced-air oven at 50°C for 60 h, allowed to air equilibrate, and ground in a Wiley mill to pass a 1-mm screen. Corn and beet pulp were dried at 50°C with forced air for 24 h and ground to pass a 1-mm screen.
Four trials were conducted with two replicate tubes of each treatment in each trial. Procedures were essentially those of Tilley and Terry (1963) with the following modifications: urea was added to the buffer at .9 g/L to ensure that N was not limiting, and 1 mL of amyl-alcohol was added to each tube before addition of acidified pepsin t o prevent foaming. Samples were filtered through previously weighed No. 541 Whatman filter paper (Whatman, Hillsboro, OR). Ruminal fluid was collected from two steers adapted to a 7%' CP grass hay. Fluid was collected approximately 2 h after the morning feeding. Eight blank tubes were included in each trial.
Data Calculations and Statistical Procedures
and CP (Kjeldahl N x 6.25) of feed samples. All samples were analyzed for NDF, ADF, and ADL using nonsequential procedures of Goering and Van Soest ( 19 70). Concentrate samples were incubated in amylase solution before NDF analysis (McQueen and Nicholson, 1979) . Hemicellulose was calculated as the difference between NDF and ADF. Cellulose was estimated as the difference between ADF and ADL plus silica. Acid insoluble ash was assumed to equal the ashed fraction from the ADL procedure.
Hay DM digestion coefficients were determined by the method described by Sanson and Clanton (1989) , assuming that supplement digestibility was equal to calculated TDN values (Table 2) . Digestible DM (DDM) intake was calculated by multiplying the digestion coefficient for each animal by its DMI. Metabolizable energy intake of the hay in Trial 1 was calculated as 82% of DE (NRC, 1984) . Digestible energy was calculated from the equation of Rittenhouse et al. (19711, where DE = .038 (%DDM) + .18, using the DDM values for the hay from each lamb. Total ME intake was estimated by adding the calculated ME intake value for the supplement ([TDN x 4.41.82 = ME; [NRC, 19841) to the hay ME intake.
Data were analyzed using the GLM procedure of SAS (1985) . In Trial 1, average intake during the 5-d intake period and digestion coefficients were analyzed as a randomized complete block design. The Procedures outlined by AOAC (1980) were used to determine DM and ash of feed, fecal, and ort samples aDM basis. bLQF = low-quality forage; MQF = medium-quality forage; HQF = high-quality forage. aNS = no supplement; PS = protein supplement; PLC = protein-low corn supplement; PMC = protein-medium corn supplement; PHC = protein-high corn supplement; PLBP = protein-low beet pulp supplement; PMBP = protein-medium beet pulp supplement; PHBP = proteinhigh beet pulp supplement; P = probability of treatment effect.
'Linear effect of corn ( P < .oI). CLinear effect of beet pulp ( P < .05). dNS vs supplement ( P < .05). eLinear effect of corn ( P < . I ) .
model included treatment and block. When treatment effects were detected ( P < .05), orthogonal contrasts were examined to determine the average of supplement vs NS, the average of additional energy vs PS, the average of beet pulp vs the average of corn supplements, linear and quadratic effects of the additional beet pulp, and linear and quadratic effects of corn. In vitro DM disappearance in Trial 2 was analyzed using a model for a replicated 2 x 3 x 11 factorial arrangement. The model included forage type, concentrate type, level of forage, and associated interactions. All two-way interactions were significant ( P < .001); therefore, data were subsequently analyzed within each supplement/forage combination as a completely random design. The effect of level of forage was tested using trial x level as the error term. Orthogonal contrasts were used to separate the linear, quadratic, and cubic effects when level of forage was significant ( P < .05); contrasts also were tested using trial x level as the error term. Regression equations were developed for the highest order significant contrast. In both trials, P-values shown in tables are for the F-test for the effect of the respective treatment, whereas values in the text describing contrasts are the P-value for the specific contrast.
Results

Trial 1
Hay DMI, expressed as gramslday, decreased ( P = .005) linearly as level of corn in the supplement increased (Table 4) . When expressed as a percentage of BW, a linear decrease ( P < .001) also was observed in hay DMI as the level of supplemental corn increased. A 13.7% decrease in hay consumed occurred with the first increase of corn in the supplement, and a 10.1% decrease occurred between the second and third increment of corn. Hay intake as a percentage of BW decreased ( P = .03) linearly as beet pulp increased in the supplement; however, the decrease was not as large as with corn. Hay DMI decreased by 7.7% with the first increase of beet pulp, and 4.2% decrease occurred with the second addition of beet pulp. Comparison of the average intake of hay by lambs that received supplements compared with lambs that received NS indicated no difference in forage intake as grams/day ( P = .25) or as a percentage of BW ( P = .26). Total diet intake was not affected ( P = .22) by supplementation when expressed as grams of intake/day; however, when expressed as a percentage of BW, a linear decrease in total diet intake was noted ( P = .01) as supplemental corn increased. Total diet intake was decreased by 7.9% with the first increment of corn and by 6.7% with the second increment of corn. Average total diet intake by lambs that received supplements was 10% greater ( P = .02) than intake by lambs that received NS.
Hay digestibility was calculated assuming supplements had a constant digestibility, using their calculated TDN value (NRC, 1984) . A linear decrease ( P = ,005) in intake of grams of hay DDM occurred as corn increased in the supplement. Hay DDM intake expressed as a percentage of BW decreased linearly when either supplemental corn ( P = .001) or beet pulp ( P = .05) increased. Digestible DMI of hay decreased by 16.0% as level of supplemental corn increased from aNS = no supplement; PS = protein supplement; PLC = protein-low corn supplement; PMC = protein-medium corn supplement; PHC = protein-high corn supplement; PLBP = protein-low beet pulp supplement; PMBP = protein-medium beet pulp supplement; PHBP = proteinhigh beet pulp supplement; P = probability of treatment effect.
bLinear effect of corn ( P < .05).
CNS vs supplementation effect ( P < .01). dBeet pulp vs corn ( P < .OU.
ePS vs beet pulp and corn ( P < .lo).
fLinear effect of corn ( P < ,101.
.175 to .35% of BW, and by 9.2% as corn increased from .35 to 525% BW. Increasing supplemental beet pulp from .21 to .42% BW decreased hay DDM intake by 8.2%; the decrease was 4.2% when supplemental beet pulp increased to .63% BW. Lambs fed supplements had greater average total DDM intake than lambs fed NS, whether expressed either as grams/day ( P = .006) or as a percentage of BW ( P = .005). When intake was expressed as a percentage of BW, a linear decrease in total DDM intake was noted as corn increased; lambs supplemented with PHC consumed 10.1% less total DDM than lambs supplemented with PLC. Estimated ME intake (megacalories/day) from hay decreased ( P = .006) linearly as level of supplemental corn increased. When expressed as kilocalorieskilogram of BW, a linear decrease in estimated ME intake was observed for both corn ( P = .OOl) and beet pulp ( P = .05). Although mean values for ME from hay with lambs supplemented with PMBP and PHBP were numerically greater than with lambs supplemented with PMC and PHC, the average hay ME intake by lambs supplemented with different levels of corn did not differ ( P = .26) from average hay ME intake by lambs supplemented with different levels of beet pulp.
Supplements did not affect ( P = .lo) estimated daily diet ME intake; however, when expressed as kilocalories of ME/kilogram of BW, a linear decrease ( P = .06) was observed as level of supplemental corn increased. Supplemented lambs had greater estimated ME intakeskilogram of BW than did those that received NS.
Lambs fed supplements had a greater ( P < .001; Table 5 ) average apparent DM digestibility ( DMD) than lambs fed NS. The increase in DMD ranged from 6.5% for PLC to 10.7% for PHC. Increasing the level of corn in the supplement linearly increased ( P = .032) apparent diet DMD. Digestibility increased by 4.4% as corn increased from .175 to 525% of BW. Increasing the level of beet pulp in the supplement did not affect ( P > .32) diet DMD. Organic matter digestibility was affected in a manner similar to DMD. Average hay DMD was greater ( P = .01) for lambs that received supplements containing beet pulp than corn. Lambs fed PS had 3.2% greater hay DMD ( P = .08) than the average of lambs fed the other supplements. A linear decrease ( P = .lo) in NDF digestibility was observed as level of corn in the supplement increased. In contrast, digestibility of NDF was increased ( P = .O 1) by 4.9% with lambs fed supplements containing beet pulp compared with lambs fed supplements containing corn. Lambs fed PS digested 4.4% more ( P = .05) NDF than the average of lambs fed other supplements. Supplementation did not affect ADF ( P = .56) or cellulose digestion ( P = .99). Hemicellulose digestion decreased ( P = .03) linearly as level of corn in the supplement increased. Lambs fed PS had greater ( P = .lo) hemicellulose digestion coefficients than lambs fed other supplements. Supplementing additional corn resulted in less ( P = .03) hemicellulose digestion than did supplementing additional beet pulp.
Trial 2
In vitro DM disappearance was less for 100% forage and for 100% corn than expected. These low values were observed consistently in all four trials, and IVDMD of known standards included in each trial indicated that results were repeatable. Because all two-way interactions were significant ( P e .001), data were analyzed and are presented within each forage supplement, with level of corn or beet pulp as the treatment effect.
A quadratic response was observed (Table 6 ) on IVDMD with both low-quality forage ( LQF)-corn ( P = .002) and LQF-beet pulp ( P = .04) as level of supplement increased. Initial increments of beet pulp or corn resulted in 10 to 14% increases in IVDMD; however, as either beet pulp or corn became the main portion of the sample, increases were only .5 to 5%. aLQF = low-quality forage; MQF = medium-quality forage; HQF = high-quality forage; C = corn; BP = beet pulp; P = probability of level of bQuadratic response ( P < ,051. 'Linear response ( P < .05). dCubic response ( P < ,051.
forage effect.
Regression of the linear and quadratic functions of level of forage on IVDMD accounted for 70 and 87% of the variation of IVDMD for LQF-corn and LQF-beet pulp, respectively (Table 7) . A quadratic response ( P = .002) also was observed with medium-quality forage ( MQF)-corn as level of corn increased ( Table 6 ) . In vitro DM disappearance increased by 8% with the first increment of corn; increases in IVDMD with subsequent increments of corn were numerically smaller, and reached a plateau at 20:80 forage:corn, after which IVDMD tended to decrease with additional corn. Regression of linear and quadratic functions accounted for < 50% of the variation in IVDMD of MQF-corn (Table 7) . The linear p partial regression coefficient for MQF-corn was positive, whereas the linear partial regression coefficients for both LQF-C and LQF-beet pulp were negative. The effect of adding beet pulp to MQF and highquality forage (HQF) on IVDMD ( Table 6 ) was linear ( P < ,003). Regression analysis indicated that level of beet pulp accounted for 79 and 68% of the variation of IVDMD for MQF-beet pulp and HGF-beet pulp, respectively. Slope coefficients indicated that for each increase in MQF, IVDMD decreased by .25%, whereas for each increase in HQF, IVDMD decreased by .2%. Adding corn to HQF (Table 6 ) resulted in a cubic response ( P = .06); however, the fitted equation accounted for only 26% of the variation in IVDMD. Small increases were observed with the initial additions of corn to HQF, after which the increases in IVDMD seemed to reach a plateau, then increase again as the proportion of corn increased.
Discussion
intake are not as consistent when forages contain 2 7% CP (Allden, 1981; Sanson and Clanton, 1989) . There seemed to be a trend for increased forage digestion as a result of CP supplementation. Estimated forage DMD and NDF digestibilities were 4.4 and 4.2% greater, respectively, for lambs receiving PS than for lambs receiving NS.
The decreased hay DMI with supplemental corn agrees with previous research with cattle (Chase and Hibberd, 1987; Sanson and Clanton, 1989) . In the present study, the effect of corn on hay DMI was linear. Increasing corn from .175 to .35% of BW decreased hay DMI by 14%, whereas a further 9%' decrease was observed when corn increased to 525% of BW. In previous studies with pregnant 3-yr-old cows fed a 7% CP meadow hay and supplemented with corn, a linear decrease in hay DMI was observed (Sanson and Clanton, 1989) . In contrast, studies with steers fed meadow hay containing only 4.3% (Sanson et al., 1990) and 5.2% CP (Sanson and Clanton, 1989) supplemented with increasing levels of corn noted small decreases ( 3 to 5 % ) in hay intake at approximately .25% of BW of corn but large decreases as supplemental corn increased to approximately 5% of BW (17 t o 20%). These data would support the hypothesis that the response to supplemental corn on hay DMI may depend on the quality of forage used, and that the use of one value for substitution rate may not be valid. -.20 ---aLQF = low-quality forage; MQF = medium-quality forage; HQF = high-quality forage; C = corn; BP = beet pulp.
Increasing levels of both supplemental corn and beet pulp resulted in linear decreases in hay DMI. Regression analysis indicated that each gram of corn replaced 2.2 g of forage, whereas each gram of beet pulp replaced only .4 g of forage. When total intake was corrected for lamb BW, a linear decrease was observed as supplemental corn increased, whereas there was no effect of increasing beet pulp. This finding indicates that the substitution rate for beet pulp is different from the substitution rate for corn, and that nutrient intake may be similar or greater with supplemental beet pulp than with corn. This concept is supported by the fact that total digestible DMI decreased linearly as level of supplemental corn increased, whereas beet pulp did not affect total digestible DMI. Likewise, Chan et al. (1991) reported that energy intakes by cows were similar with either supplemental soybean hulls or corn. Estimated ME intakes in our study also support this concept.
Supplemental corn linearly increased apparent diet DM digestibility. This result would be expected because corn is more digestible than the forage, and similar findings have been reported in studies with cattle (Chase and Hibberd, 1987; Sanson et al., 1990) . Estimated hay DMD was not affected by either supplemental corn or beet pulp; however, the average hay DM digestibility for lambs fed supplemental beet pulp was 3.7% greater than for lambs fed supplemental corn. This difference may be a result of an improved ruminal environment for fiber digestion with beet pulp, which is high in digestible fiber. In contrast, the high starch content of the corn-based supplements may have altered the ruminal environment and decreased fiber digestion. A negative effect of readily fermented carbohydrates on fiber digestion has been observed by other researchers (Fontenot et al., 1955; Amos and Evans, 1980) . A linear decrease in NDF and hemicellulose digestion was noted with increasing levels of supplemental corn, whereas beet pulp supplementation resulted in greater NDF and hemicellulose digestion than supplemental corn. Neutral detergent fiber and hemicellulose digestion by lambs supplemented with corn may predominately reflect forage digestibility; the results from lambs supplemented with beet pulp are confounded by the level of a highly digestible fiber contained in beet pulp. Supplementation had no effect on ADF or cellulose digestibility, which agrees with previous cattle research on supplemental corn (Chase and Hibberd, 1987; Sanson and Clanton, 1989; Sanson et al., 1990) .
Forage DDM intake was decreased when level of corn in the supplement was increased; this finding agrees with other studies (Chase and Hibberd, 1987; Sanson et al., 1990) . The greatest mean hay DDM intakes by lambs among all treatments were with the low-corn and low-beet pulp supplements (1.94 and 1.83% of BW, respectively). Corn may act as a true supplement and improve forage utilization at this low level. The greatest mean intake of ME from forage also was observed with the low-corn supplement, again indicating an improvement in forage utilization.
Beet pulp did not affect hay or total DDM intake, or hay or total ME intake. This result is in contrast to the linear decrease in hay DM intake and hay ME intake with corn. The greater levels of corn apparently altered the ruminal environment to favor a concentrate-type fermentation over a fiber-type fermentation.
Trial 2 was conducted to determine whether IVDMD could be used as an inexpensive, rapid method to determine the effect of supplements on forage digestibility. The response in IVDMD of the three different forages was affected by corn and beet pulp. A t-test indicated that both the intercept and the 01 coefficient differed ( P c .05) when LQF was supplemented with either beet pulp or corn, indicating that type of supplement affected IVDMD of LQF. The increase in IVDMD of LQF with increasing levels of corn supports the findings of Trial 1 that corn-based supplements increased diet digestibility; however, increasing corn from 0 to 20% of the sample increased IVDMD by 8.3 units, whereas increasing corn in Trial 1 increased DM digestibility by only 2.7 units. The response t o beet pulp addition to LQF on IVDMD differed from the response to beet pulp-based supplements in Trial 1. Dry matter digestibility was not increased when lambs were supplemented with beet pulp; however, IVDMD increased as the level of beet pulp increased in Trial 2. Mean IVDMD increased by 8.3 percentage units as level of beet pulp increased from 0 to 20% of the sample. In contrast, DM digestibility in Trial 1 increased by only 1.2 percentage units as beet pulp increased from 0 to approximately 20% of the diet. These findings indicate that the in vitro procedure is not a useful, quantitative method to estimate the effect of supplements on digestibility.
Medium-and high-quality forages were included in Trial 2 to evaluate whether these forages would respond differently than LQF to either corn or beet pulp. The intercept of LQF-corn and MQF-corn did not differ ( P > . l ) ; however, the p1 coefficient was negative for LQF-corn and positive for MQF-corn. Adding beet pulp to MQF resulted in a positive linear effect on IVDMD, implying that the digestibility of MQF was not affected by BP; a similar response was observed when beet pulp was added to HQF. A t-test of the intercepts and p1 coefficients for MQF and HQF with beet pulp indicated no difference ( P < .05), which indicates that beet pulp caused a similar response with these two forages.
A 12-or 24-h fermentation time may have been more appropriate for Trial 2. If the decrease in forage utilization caused by supplemental corn occurs as a result of a shift in the ruminal fermentation pattern, the 48-h period used in Trial 2 may have allowed time for the in vitro culture to digest the readily degraded carbohydrates in corn (starch) and then establish an adequate cellulose fermentation. In a previous study with steers (Sanson et al., 19901, we observed a decrease in ruminal pH and an increase in ruminal ammonia for only the first 6 to 8 h after corn supplementation. Decreasing the fermentation time to between 12 and 24 h might mimic more closely the fermentation pattern in the rumen.
Implications
Decreases in estimated hay dry matter digestibility, digestible dry matter intake, and estimated metabolizable energy with increasing levels of supplemental corn suggest a negative effect of corn supplementation. In contrast, increasing levels of beet pulp did not affect these measurements. Addition of corn or beet pulp to forages of different qualities resulted in different patterns of in vitro dry matter disappearance, indicating the importance of type and level of supplement, as well as forage quality. These data suggest that both forage quality and supplement composition should be considered when selecting energy supplements for forage-fed ruminants.
